Objective: To investigate the short-and medium-term (ie, at 1-y follow-up) effects of a hospital-based body weight reduction (BWR) program lasting 3 weeks in severely obese individuals. Design: Longitudinal, clinical intervention study entailing energy-restricted diet, tailored aerobic-strength exercise, psychological counselling and nutritional education during a 3-week period followed by 49 weeks of indirect supervision at home. Subjects: In all, 45 women and 19 men aged 30.277.2 y (mean7s.d.) with severe obesity (BMI: 41.374.3 kg/m 2 ), classified as weight losers (finaloinitial weight) and regainers (finalZinitial weight). Interventions: Body composition, physical performance and cardiovascular risk factors before and after the BWR program and at follow-up. Results: The large majority of the experimental subjects obtained a clinical success after the 1-y period, and the rate was higher in females (n ¼ 37/45, ie, 82.2%) than in males (n ¼ 11/19, ie, 57.9%). At follow-up, weight losers had higher percent fat-free mass, muscle strength, HDL-cholesterol and self-reported physical activity level and lower total cholesterol and glucose levels than weight regainers (Po0.05-0.01). Males displayed significantly larger fat-free mass losses than females at post-BWR and at follow-up. Conclusions: A 3-week hospital-based integrated BWR program resulted in a high rate of clinical success in severely obese individuals at 1-y follow-up (particularly in females), that was associated with increased levels of self-reported physical activity and improved muscle strength and lipid profile. Further research is needed to establish the long-term effects (ie, at 2-5 y) associated to this treatment.
Introduction
Severe obesity (ie, BMI440 kg/m 2 ) is frequently characterized by low physical fitness and high cardiovascular risk due to a widespread sedentary lifestyle. However, the majority of the obesity-linked complications can be reversed with a number of intervention strategies including diet, exercise or a combination of both, aimed at reducing body weight and more particularly fat mass. In their meta-analysis, Miller et al (1997) concluded that either a diet or diet plus exercise program would be more beneficial on a short-term basis than exercise alone. In the same way, better long-term maintenance of weight loss is obtained through a combination of diet and exercise, due to the compensatory effects associated with each individual treatment, that is, reduced resting metabolic rate with diet and increase in energy intake with exercise (Zachwieja, 1996) . Hills and Byrne (1998) recently suggested that the combined approach of diet, exercise and behaviour modification in weight management programs gives the best and often permanent results.
For an obese individual, one way to adhere rapidly to lifestyle modifications is represented by a short-term inpatient treatment supervised on a daily basis by medical doctors, dieticians, therapists and psychologists. It has indeed been demonstrated that a 3-week body weight reduction (BWR) program entailing energy-restricted diet, physical activity, education and psychological counselling resulted in marked decreases of body weight (more likely fat mass) and common cardiovascular disease risk factors (Sartorio et al, 2001a) as well as improved muscle function (Sartorio et al, 2001b (Sartorio et al, , 2004a and aerobic fitness (Sartorio et al, 2003) in severely obese men and women. However, whether these positive outcomes acquired after a few weeks in such a high-risk population are maintained during medium-term (eg, after 1 y) follow-up is not known, since the majority of follow-up studies considered treatments lasting more than 1 month (Pronk & Wing, 1994) and overweight or moderately obese subjects (Miller et al, 1997) . Moreover, the short-and medium-term changes in body composition, physical performance and cardiovascular risk factors are typically analyzed separately, without considering the strong interdependence between these groups of variables.
The main aim of this study was therefore to investigate if the short-term effects of a hospital-based BWR program entailing energy-restricted diet, exercise, psychological counselling and nutritional education on body composition, physical performance and cardiovascular risk factors were still visible after medium-term follow-up in a population of severely obese men and women. For this reason, 64 obese patients were tested before and after a 3-week BWR intervention and once again 1 y later. A secondary aim was to explore whether subjects that exhibited body weight regains between baseline and 1-y follow-up (ie, a clinical failure) were different at the three stages of the experiment with respect to their successful counterparts (ie, weight losers) in body composition, physical performance and cardiovascular risk variables.
Methods

Subjects and experimental procedures
The subjects were 70 obese volunteers (50 women and 20 men, Table 1 ) referred to the 3rd Division of Metabolic Diseases (Italian Institute for Auxology, Piancavallo, Verbania, Italy) by physicians for in-patient treatment because of obesity. Subjects were selected on the basis of the following criteria: age Z18 y; BMI Z35 kg/m 2 ; absence of hearth, kidney, liver, endocrine and other major disease; premenopausal state for women; no previous participation in an intensive BWR program during the year preceding the study and motivation to take part in a structured weight loss program. For different reasons, two women dropped out during the in-patient BWR program and three other women and one man dropped out during the 1-y follow-up, leading to a total of 64 patients definitively included in the analyses (45 women and 19 men). The baseline characteristics of these subjects are given in Table 1 . The majority of them has been obese in the last 5-10 y and has received unsuccessful out patient treatments for body weight reduction. Of these 64 subjects, nine were taking medications for hypertension, six for diabetes and only two for dyslipidaemia. All the patients gave their signed informed consent to participate in the study, which was approved by the Ethics Committee of the Italian Institute for Auxology. All the procedures were conducted according to the principles expressed in the Declaration of Helsinki.
A series of examinations (see below) was performed before and at the end of the 3-week BWR program and once again during a day hospital organized 1 y after the beginning of the treatment.
After the intensive intervention, subjects were left on their own and were encouraged to control their diet and to exercise to avoid body weight gain. A table listing the energy content of popular foods was provided and the procedure for calculating daily energy intake was explained to every patient at the end of the BWR program. Individuals were also encouraged to maintain the type and quantity of physical activity performed at the hospital (see below) during the B11-month period, but they did not try any additional diet/activity treatment during this period. Patients were strongly encouraged to contact our dieticians, therapists and psychologists for counselling at any time during the free living period. This occurred one time for 25 (39%) subjects and 2-3 times for eight (12%) subjects (mainly for nutritional counselling).
The 64 patients were contacted through telephone 6 months from baseline, according to Jakicic (2003) suggestions. The main aim of this contact was to quantify the amount of physical activity performed following the BWR program by using the physical activity rating questionnaire (Jackson et al, 1990) . The phone call also comprised a discussion of diet and behavioural strategies, but adherence to the nutritional instructions was not directly verified.
Body weight reduction program
The BWR program combined an energy-restricted diet, nutritional education, psychological counselling and moderate physical activity during a 3-week period.
The laboratory's trained team of dieticians individually planned an energy-restricted diet (5023-7535 kJ/day, ie, 1200-1800 kcal/day) containing 21% proteins, 53% carbohydrates and 26% lipids. The amount of energy to be given with the diet was calculated by subtracting approximately 2093 kJ (500 kcal) from the measurement of basal energy expenditure, as assessed by indirect calorimetry (Vmax 29; SensorMedics Corporation, Yorba Linda, CA, USA) for a total duration of 20 min while the subjects rested in bed. Owing to time-scheduling constraints, basal energy expenditure was measured exclusively before the BWR program. The estimated H 2 O content of the food was 1000 ml/day and the estimated salt content was 1560 mg/day of Na þ , 3600 mg/ day of K þ and 900 mg/day of Ca 2 þ . A fluid intake of at least 2000 ml/day was encouraged. Dietary compliance was evaluated every day by a dietitian. Nutritional education included lectures, demonstrations and group discussions with and without a supervisor, which took place every day throughout the experimental period (duration 60 min). Subjects were shown how to improve their diet (eg, through increasing fruit and vegetable consumption, and decreasing energy intake from fats). Nutritional education also included information about nutrition and physical activity as well as discussions of various aspects of the food consumption process. Sessions were taught by endocrinologists, nutritionists, psychologists and physical educators/exercise physiologists who are specialized in the treatment of obesity and experienced in providing nutritional education to obese individuals.
Psychological counselling sessions were conducted by clinical psychologists 2-3 times/week (duration 60 min) and were based on individual or cognitive-behavioural strategies, for example, stimulus control procedures, problem solving training, stress management skills, development of healthy eating habits, assertiveness training, facilitation of social supports, cognitive restructuring of negative maladaptive thoughts and relapse prevention training.
Physical activity included five training sessions/week individually supervised by our laboratory's trained team (exercise physiologists, physical educators and physicians). Each session included 30-40-min aerobic activities (typically 10 min on an ergocycle, 20 min on a treadmill and 5 min on an arm-ergometer) performed at 40-70% of individual maximal oxygen consumption (VO 2 max), followed by 15 repetitions at 40-70% of one repetition-maximum (1-RM) load on three isotonic machines for the upper and lower limb muscles (Technogym, Gambettola, Italy). For both aerobic and strength conditioning, the training intensity was progressively increased ( þ 10% every week) from the first to the last week and the initial level (40 or 50%) was individually selected according to the age and to the general fitness level of the subjects.
Body composition assessment
Fat-free mass and fat mass were assessed by bioelectric impedance analysis, performed in the early morning after an overnight fast, according to a conventional standard technique (Lukaski et al, 1986) . Whole-body resistance to an applied current (at 1, 5, 10, 50 and 100 kHz, 0.8 mA) was measured with a tetrapolar device (Human IM, Dietosystem, Milan, Italy). The electrodes were placed on the right wrist and ankle of the subjects while they lay comfortably supine in a bed with the limbs abducted from the body. Fat-free mass was calculated with the fat-specific equations derived by Gray et al (1989) . Fat mass was derived as the difference between total body weight and fat-free mass.
Physical performance assessment
Stair climbing test (SCT). SCT consists in a modification of the test proposed by Margaria et al (1966) and has recently been applied in a large population of severely obese individuals (Sartorio et al, 2004a, b) to estimate the maximal anaerobic power of the lower limb muscles. At the moment of the first execution, 2-3 practice trials were allowed so that the subjects gained a good control of the performing technique. Subjects were invited to climb up ordinary stairs at the highest possible speed, according to their capabilities. The stairs consisted of 13 steps of 15.3 cm each, thus covering a total vertical distance of 1.99 m. An experimenter measured the time employed to cover the test with a digital stopwatch. SCT repeatability in adult obese individuals has been previously assessed in our laboratory and the coefficient of variation between measurements has been found to be lower than 5% (Sartorio et al, 2001b) .
Muscle strength test. 1-RM load was quantified on a leg press isotonic machine (Technogym, Gambettola, Italy) during closed-kinetic chain eccentric-concentric actions, with a range of motion at the knee joint of about 901. Subjects completed 3-4 series of 15-20 repetitions with submaximal loads, and 1-RM was estimated by using the formula proposed by Brzycki (see Mayhew et al, 1995) .
Maximal oxygen consumption test. VO 2 max was predicted from a graded submaximal test performed on a cycle ergometer (Technogym, Gambettola, Italy). After warming up for 6 min at 50 W, subjects were exposed to a workload of 60, 70 and 80 W during which they were instructed to maintain B60 rpm. Each step lasted 4 min to ensure steady state. The test was stopped if heart rate, consistently measured by means of a telemetric system (Polar, Kempele, Finland), exceeded 75% of the individual maximal heart rate, estimated as 220Àage (y). Heart rate recorded during the last minute of each step was used to estimate VO 2 max, according to the formula proposed by the American College of Sports Medicine (2000) . Perceived exertion was also graded by the subjects at the end of every step using a modified Borg scale (Borg, 1998) .
Physical activity rating questionnaire. The physical activity rating scale provides an assessment score of 0-7 on an individual's level of physical activity (Jackson et al, 1990) . The questionnaire consists in a series of eight statements about routine physical activity and subjects have to select only one response that best describes their physical activity level. Obese patients were administered the questionnaire at baseline, after 6 months (by telephone call) and after 1 y.
Cardiovascular risk factors assessment
Two blood pressure determinations were performed manually by using an aneroid sphygmomanometer and appropriate cuff bladders (Maxwell et al, 1982) after the patients had been sitting at least 5 min, and the mean systolic blood pressure value was retained. Blood samples were collected after an overnight fast in standard tubes for serum. Total cholesterol, HDL cholesterol and glucose levels were immediately measured with enzymatic-colorimetric methods (Hitachi Instruments, Tokyo, Japan). Blood pressure and cholesterol levels were considered without regard to the use of antihypertensive or lipid-lowering medications.
Statistical procedures
First, data were analyzed for significant differences using a two-way analysis of variance with repeated measures on time. The factors to be analyzed included time (pre-and post-BWR program and follow-up) and gender. A Tukey post hoc test was conducted if significant main effects or interactions were present. Subsequently, differences between weight losers vs weight regainers at baseline, post-BWR and follow-up were analyzed by using a two-tailed Student's t-test for independent samples. In each case the level of significance was established at Pr0.05. Data are presented as mean7s.d. in figures, tables and the text. Statistical analyses were performed using Statistica software (StatSoft, Tulsa, OK, USA).
Results
The BWR program resulted in significant reductions of body weight and BMI (À4.771.2%; mean7s.d.) and kg of both fat mass (À7.173.5%) and fat-free mass (À1.574.0%) at the end of the 3-week period (Table 1 ). In the same way, significant improvements at this stage were found for all the physical performance (Table 2 ) and cardiovascular risk variables (Table 3 ). The largest relative change was found for muscle strength ( þ 37.4723.9%), while the smallest variation was the 4.979.4% reduction in systolic blood pressure. At follow-up, mean body weight and fat mass were still significantly lower than baseline, respectively, 5.879.1 and 10.3715.7%. A significant time Â gender interaction was found for fat-free mass (in kg), since males displayed larger losses than females both at post-BWR and at follow-up (Figure 1 ). Physical performance variables slightly worsened between post-BWR and follow-up, but subjects even performed better at follow-up than at baseline. On the other hand, all cardiovascular risk variables significantly increased from post-BWR to follow-up and attained values equal to or significantly higher than baseline (HDL-cholesterol and glucose).
The physical activity rating score almost doubled from baseline to 6-month follow-up (Po0.001) but then decreased at 1-y follow-up (Po0.001), even though it was still higher than baseline (Po0.01; Table 2 ).
For each individual, final (at follow-up) vs initial body weight was then compared to study the rate of clinical success (ie, finaloinitial weight: weight losers) vs failure (ie, finalZinitial weight:weight regainers) at follow-up. The large majority (n ¼ 48/64, ie, 75%) of the obese individuals involved in the present study obtained a clinical success after the 1-y period, and the rate was higher in females (n ¼ 37/45, ie, 82.2%) than in males (n ¼ 11/19, ie, 57.9%).
Subsequently, dependent variables for subjects from the weight regainers group (n ¼ 16; eight males and eight females; age: 30.276.8 y; BMI: 41.473.0 kg/m 2 ) were compared to those of 16 weight losers, matched for gender, age (28.278.0 y) and BMI (42.776.3 kg/m 2 ). It was indeed demonstrated that BMI and fat mass were significantly higher and percent fat-free mass was significantly lower at follow-up in weight regainers (Po0.01-0.001; Figure 2 ).
Physical activity rating score was significantly higher at 6 and 12 months in weight losers (Po0.01) and the same result was observed for maximal muscle strength at follow-up (Po0.05; Figure 3) . Total-and HDL-cholesterol were significantly different at post-BWR and follow-up between the two subgroups (Po0.05; Figure 4) . Finally, glucose levels were significantly higher in weight regainers than in weight losers at the end of the experimental period (Po0.01; Figure 4d ).
Discussion
The results of this study confirm that a 3-week hospital-based BWR program entailing energy-restricted diet, physical activity, psychological counselling and nutritional education improved significantly body composition, physical performance and cardiovascular risk factors in severely obese subjects of both genders. An original finding is that male individuals lost approximately 3 kg of fat-free mass after the treatment, while reductions were negligible in their female counterparts. For the first time in our laboratory, the medium-term effects associated to the treatment were also examined and it was found that 75% of the original subjects (82% of the women and 58% of the men) maintained a body weight lower than baseline B11 months after the end of the in-patient BWR program. Interestingly, clinical success at follow-up was associated with higher levels of self-reported physical activity with respect to clinical failure, and as a consequence, weight losers had higher muscle strength and lower cardiovascular risk factors than regainers at the end of the study.
Changes in body composition, physical performance and cardiovascular risk factors induced by a short-term hospitalbased treatment in severely obese individuals were studied concomitantly in the present investigation. Different body composition changes were observed between genders, where women mainly reduced the proportion of fat mass and only to a lesser extent fat-free mass, while the opposite outcome was observed in men. These findings are in accordance with the study of Goodpaster et al (1999) , who reported that obese men lost more fat-free mass than obese women (4.6 vs 2.1 kg) following a 16-week caloric restriction-induced weight loss program. These authors also demonstrated that glucose levels were almost identical between obese males and females both before and after the intervention, therefore confirming that in our study the absence of sex effect in glucose levels at post-BWR or follow-up was not strictly related to the significant gender differences in fat-free mass during the same time frames.
Other studies failed to demonstrate such a sex difference in the composition of weight loss (Ballor & Poehlman, 1994; Garrow & Summerbell, 1995; Dionne et al, 1999; Doucet et al, 2002) , since changes in fat-free mass associated to diet and/or exercise were comparable between men and women. These conflicting findings are mainly attributable to the heterogeneity in experimental subjects, study design, exercise intensity and type, as well as intervention length between the present and the above-cited studies. In their meta-analysis, Garrow and Summerbell (1995) indicated that, at any given weight loss, the loss of fat-free mass is likely to be less in exercising subjects than in sedentary ones. It is indeed possible that our male obese subjects were more sedentary than their female counterparts, since baseline maximal oxygen consumption normalized to the fat-free mass was higher in the latter group with respect to the former (47.8 vs 41.8 ml/min/kg). The fat-free mass reductions reported here and in our previous study (Sartorio et al, 2004a) for male subjects (B3 kg) are very similar to the losses observed in obeseoverweight men following 12-16 weeks of diet (Kraemer et al, 1999; Cox et al, 2003) or diet plus aerobic exercise (Hagan et al, 1986) . In obese children, fat-free mass reduction during a 3-week BWR program similar to that adopted here has been recognized as a major factor for later regain in body weight (Schwingshandl & Borkenstein, 1995) . In this context, it is noteworthy that consistent fat-free mass losses observed in our males after the short-term treatment were associated with a lower rate of medium-term success compared to their female counterparts. Therefore, one could conclude that 3 weeks of diet plus exercise performed at moderate intensity for five sessions per week may not have been sufficient enough to maintain fat-free mass in severely obese men. It is indeed recommended that the physical training considered in the present study must be implemented, at least for male individuals, with specific exercises for the development of muscle power and/or strength (eg, resistance training), in order to preserve the amount of fatfree mass during body weight reduction (Donnelly et al, 2003) .
In the whole group of subjects, the level of self-reported physical activity at month 6 was twice with respect to baseline, therefore indicating that severely obese subjects modified their lifestyle in the first months consecutive to the completion of the BWR program. These effects were however less evident after 12 months, since the physical activity rating score significantly decreased with respect to month 6, even though it remained still higher than baseline. The more interesting finding was however observed when physical activity rating score was studied in clinical success vs failure groups. Indeed, the former subjects almost saturated the questionnaire at month 6 and then maintained the same score at follow-up, while the self-reported level of physical activity in weight regainers did not change significantly during the course of the study, therefore confirming that low levels of physical activity are predictive of subsequent weight regain in both men and women (Kuczmarski et al, 1994) .
These findings are also reinforced by the fact that higher muscle strength and lower cardiovascular risk factors (discussed below) were observed in weight losers at followup. The ensemble of these results allows to conclude that physical exercise plays a crucial role in weight loss and in maintenance of weight loss in severely obese individuals from both genders.
The rate of clinical success observed in the current investigation is particularly high (75%) compared to previous research on medium-term follow-up (Hoiberg et al, 1984; McGuire et al, 1999) . The fact that success rate was higher in female (82%) than in male subjects (58%) is difficult to explain based on the present findings, but it is nevertheless interesting to speculate that the consistent fatfree mass reductions observed in the latter subjects both after the BWR program and at follow-up would have contributed to this occurrence. Based on fat-free mass findings, one could also conclude that the present 3-week intervention was too aggressive for our male obese individuals and therefore it would not be sustainable in the long term. Further research using larger sample sizes is needed in this direction.
Long-term elevated levels of high blood pressure, high cholesterol and overweight are risk factors for disease (eg, renal failure, heart failure, atherosclerosis, some cancers, etc). Abundant data in the scientific literature have shown weight loss to be associated with decreases in blood pressure, total cholesterol and glucose levels as well as increases in HDL cholesterol (Dattilo & Kris-Etherton, 1992; Svendsen et al, 1994; Fox et al, 1996; Kraemer et al, 1999; Sartorio et al, 2001a; Neter et al, 2003) , which are very similar to those observed at the completion of the present BWR program. Different factors, alone or in combination, are responsible for these changes, although their independent role is at present difficult to determine. In fact, both weight loss and exercise have been shown to independently promote a shift in the balance between parasympathetic and sympathetic activity in obese subjects (Arrone et al, 1995) , responsible for a significant decrease in resting systolic blood pressure. Moreover, data from the meta-analysis of Dattilo and KrisEtherton (1992) confirm that weight reduction is associated with a significant decrease in total cholesterol, and a biphasic trend for HDL-cholesterol, that is, a significant decrease during the phase of active weight loss followed by an increase at a stabilized reduced weight, in keeping with our results.
The more fascinating results were, however, observed when cardiovascular risk factors were compared between weight losers and weight regainers. This was possible because of the similar number of individuals using medications for diabetes (n ¼ 1 in each group) and hypertension (n ¼ 2 and 3, respectively, in weight losers and regainers) in the two groups (n ¼ 0 in both groups for lipid-lowering medications). At baseline, cardiovascular risk factors were not significantly different between the two groups, even if a trend was observed for total cholesterol to be higher (B20 mg/dl) and for HDL-cholesterol to be lower (B5 mg/dl) in regainers. Surprisingly, these between-group differences became significant at the end of the BWR program and more particularly after the follow-up. This would imply that low levels of total cholesterol and high levels of HDL-cholesterol could be associated in some measure to medium-term clinical success in severely obese individuals. This hypothesis remains to be checked carefully in the future. Our study was unique in that it was designed to include energy-restriction diet, 'tailored' physical activity, education and psychological counselling in an intensive 3-week treatment that was intended to reduce body weight in severely obese individuals of both genders. On the other hand, one limitation of the current investigation is represented by the lack of control exerted on subjects' lifestyle after the BWR program. Indeed, participants were only contacted once during the free-living period and consequently they did not have a constant reminder to control nutritional intake and physical activity until these behaviors were incorporated into their lifestyle. Physical activity rating questionnaire allowed to control, at least partially, the achievement of these goals even if no attempt was made to investigate the adherence to nutritional instructions. However, if one considers that obese patients were unsupported during the 49-week follow-up period and therefore subject to a range of factors likely to influence their ability to maintain their reduced body weight, the present results can be considered encouraging.
In conclusion, the present investigation demonstrated that a 3-week BWR program resulted in a high rate of clinical success in severely obese individuals at 1-y follow-up (particularly in females), which was associated with increased levels of self-reported physical activity. It was also shown that weight loss had not persistent beneficial effect on physical performance and cardiovascular risk factors after regaining weight. On the other hand, weight reduction, when maintained at medium term, had positive effects on muscle strength and lipid profile of severely obese individuals. Further investigation to establish the long-term effects (ie, at 2-5 y) associated to such an intervention for severely obese subjects is necessary.
